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(54) Abstract Title 

Portable fuel cell stacks 

(57) A portable fuel cell stack Includes two end plates (24), a plurality of unit cells (10) positioned between the 
two end plates, a fuel distribution nrjanifold (32) positioned in the center of the unit cell for fuel supply thereto, 
a tie bolt (26) passed through the centers of the fuel manifold and the unit cell for integration of these 
members, and fixing nuts (40,50) threaded to both ends of the tie bolt for integrally clamping the plurality of 
unit cells together between the end plates via an O-ring (36), etc. The unit ceil Includes a polymer electrolyte 
membrane (12), an oxygen electrode (13b) and a fuel electrode (13a) Installed on both sides of the polymer 
electrolyte membrane, a flow field plate (18) adjacent to the oxygen electrode side, and a separator plate (34) 
on the outside of the flow field plate adjacent in contact therewith and another separator plate on the outside 
of the fuel electrode side in contact therewith. One of the fixing nuts has a fuel supply port connecting to the 
fuel distribution manifold. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a portable 
fuel cell stack which can be used in various 
applications, such as a power source for outdoor 
5 activities and picnics and a household generator, and 
which uses light, silent and pollution-free solid 
polymer cells. 

Fuel cell stacks generally use hydrogen as a 
main fuel and take out the energy generated during the 
10 chemical reaction of this hydrogen with oxygen. There 
are several types of fuel cell stack and one type is a 
solid polymer electrolyte fuel cell stack. This solid 
polymer electrolyte fuel cell stack has features such 
as low operating temperature and high output density . 
15 An example of fuel cell stack in which such 

conventional solid polymer electrolyte fuel cell stack 
is disclosed in U. S. Patent No. 5,595.834. As shown 
in FIG. 5, a unit cell 10 comprises a solid polymer 
electrolyte membrane 12, an anode (fuel electrode) 13a 
20 and a cathode (oxygen electrode) 13b, which are 

provided on both sides of the solid polymer electrolyte 
membrane 12, a fuel flow field plate 14 and an oxygen 
flow field plate 18, which are provided on sides of 
these electrodes 13a and 13b, and separator plates 34, 
25 which are provided on sides of these flow field plates 



14 and 18, to form the unit cell 10 by making them 
integral with each other. A plurality of unit cells 10 
are stacked, and the stacked unit cells 10 are formed 
as a whole construction by inserting a fuel 
5 distribution manifold, which comprises a hydrophilic 
sleeve 32 connected to the fuel flow field plate 14, 
into a center hole of the unit cell 10, by further 
providing end plates 24 on both ends of a bolt 26, 
which is passed through the center of the sleeve 32; so 

10 as to sandwich them between the two ends of the bolt 
26, and by fastening and fixing the whole by means of 
nuts via washers 3 8a to 3 8d and an 0-rings 36. Because 
such fuel cell stacks are suitable for low power fuel 
cells, they can be designed as small-sized and light- 

15 weight fuel cell stacks. 

Furthermore, in this polymer electrolyte fuel 
cell stack, a fuel feed flow field plate 29- is provided 
between one end plate 24 and the separator plate 34 
adjacent to the unit cell 10 to provide communication 

20 with the hydrophilic sleeve. 32, which constitutes the 
fuel distribution manifold for supplying fuel to the 
• fuel flow field plate 14, and a port 28 is provided in 
the outer peripheral portion of the end plate 24 so 
that fuel is introduced into the port 28 and supplied 

25 to the fuel flow field plate 14. 

However, in the above conventional 
electrolyte fuel cell stack, because the two electrodes 
of anode (fuel electrode) 13a and cathode (oxygen 



electrode) 13b are provided on both surfaces of the 
solid polymer electrolyte membrane 12 and the fuel flow 
field plate 14 and oxygen flow field plate 18 are 
provided on sides of these electrodes 13a and 13b, 
5 there are many contact portions, with the result that 
internal resistance is large and that the performance 
of , the whole cell stack decreases. 

Moreover, the above conventional • electrolyte 
fuel cell stack not only has a large number of ' 

10 components, such as the fuel flow field plate 14 and 
fuel feed flow field plate 29 on the fuel supply side 
and the port 28 of the end plate 24 for fuel supply, 
but also is of a construction that fuel is fed from the 
side of the end plate 24 toward the center via the fuel 

15 feed flow field plate 29, resulting in an increase both 
in the flow resistance of the fuel, supply passage and 
in the concentration fluctuation of fuel, thus having 
an influence on stable energy supply. Using a large 
number of components causes burdensome maintenance, 

20 complex shape and large size. 

The present invention was made in view of the 
foregoing problems. Accordingly, an object of the 
invention is to provide a portable fuel cell stack in 
which the number of components is reduced by reducing 

25 the number of flow field plates, cell stack performance • 
is improved by reducing, the nuumber of contact portions 
to thereby lower internal resistance, fuel is fed and 
supplied from the center of an end plate directly to a 



fuel distribution manifold. 

Another object of the invention is to provide 
a portable fuel cell stack which is capable of being 
further reduced in size and weight by reducing the 
number of components. 

SUMMARY OF THE INVENTION 

In the first concept of the invention for 
achieving the above objects, a unit cell is provided in 
an electrolytic fuel cell stack, which includes a 
polymer electrolyte membrane, an oxygen electrode and a 
fuel electrode provided on both sides of the polymer 
electrolyte membrane, a flow field plate installed on 
the oxygen electrode side, a separator plate installed 
on the outside of the flow field plate on the oxygen 
electrode side so as to be in contact therewith, and 
another separator plate installed on the outside of the 
fuel electrode so as to be in contact therewith. 

According to this first concept, the 
following advantageous effects are obtained: 
(1) Because the flow. field plate installed on the fuel 
electrode side in the conventional electrolyte fuel 
cell stack is not provided, the number of contact 
surfaces decreases by two surfaces and the electric 
resistance in the contact portions decreases so as to 
lead to a decrease in internal resistance and make it 
possible to perform the energy generation of the cell 
stack efficiently. 



(2) Because the number of parts of a unit cell 
decreases, it is possible to make an inexpensive 
product as a whole and the assembling of unit cells 
becomes easy, making it possible to increase the 

5 production efficiency. 

The second concept of the invention is 
characterized in that one of the fixing nuts has a fuel 
supply port which provide communication with the. fuel 
distribution manifold for fuel supply from the center 
10 of the end plate. 

By this second concept, the following effects 
are obtained: 

(3) Because the fuel is directly supplied to the fuel 
distribution manifold without flowing through the fuel 

15 flow field, the flow resistance decreases and fuel 
supply can be smoothly performed. in addition, the 
concentration fluctuation in fuel supply can be 
reduced. Therefore, stable power generation can be 
carried out. 

20 (4) Because the fuel flow field in the cell stack was 
eliminated, the number of components of the cell stack 
can be reduced and besides the cell stack can be 
reduced in size and weight. 

Furthermore, by the third concept of tHe 

25 invention, the fuel distribution manifold is formed by 
arranging hydrophilic synthetic fiber threads on a tie 
bolt in the axial direction of the tie bolt. 
(5) Because this fuel distribution manifold by the 



third concept uses hydrophilic synthetic fibers, it is 
possible to select a material for the fuel distribution 
manifold from easily obtainable ones and the fuel 
distribution manifold can be easily formed because of 
5 low cost and easy handling. 

. In addition, according to the fourth concept 
of the invention, the other fixing nut is provided with 
a bleeder valve capable of supplying fuel to the flow 
field plate, etc. by one- touch operation at the end of 

10 the bolt. 

(6) Because the other fixing nut according to the 
fourth concept is provided with a bleeder valve, during 
the startup of the fuel cell stack, fuel can be 
supplied in a sufficient amount by one-touch operation 

15 to the fuel electrode side of the polymer electrolyte 
membrane, whereby the power generation action during 
startup can be smoothly started. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic perspective view of a 
20 portable fuel cell stack according to one embodiment of 
the invention; 

FIG. 2 is an exploded sectional view of the 
portable fuel cell stack shown in FIG. 1; 

FIG. 3A.is a sectional view of a fixing nut 
25 on the fuel supply side used in the portable fuel cell 
stack shown in FIG. 1 and is taken along the line IIIA- 
IIIA of FIG. 3; 
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FIG. 3B is a front view 'as viewed from the 
right side of FIG. 3A; 

FIG. 4 is a side view of a fuel distribution 
manifold used in the portable fuel cell stack shown in 
5 FIG. 2; and 

FIG. 5 is an exploded longitudinal-sectional 
view of a conventional polymer electrolyte fuel cell 
stack. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
10 Embodiments of the invention are described in 

detail below with reference to the accompanying 
drawings . 

FIG. 1 is a perspective view of the assembled 
condition of a portable fuel cell stack according to 

15 one embodiment of the invention and FIG. 2 is an 
. exploded sectional view of this portable fuel cell 
stack. This portable fuel cell stack is called a solid 
polymer electrolyte fuel cell stack in which a fuel of 
hydrogen, etc, is used. This portable fuel cell stack 

20 includes a solid polymer electrolyte membrane 12, which 
is formed from a perf ulorocarbon sulfonic acid polymer 
material of 0.05 mm thickness, between stainless steel 
separator plates 34 of 0.3 mm thick having a larger 
diameter than other members, a fuel electrode 13a 

25 having a size of 0.5 mm thickness, an inside diameter 
of 15 mm and an outside diameter of 45 mm and an oxygen 
electrode 13b having a size of 0.5 mm thickness, an - 



inside diameter of 19 mm and an outside diameter of 55 
mm, which are arranged on both sides of the solid 
polymer electrolyte membrane 12 and are fabricated from 
a sheet-like carbon material, an oxygen flow field 
5 plate 18- having a size of 3.5 mm thickness, an inside 
diameter of 19 mm and an outside diameter of 55 mm, 
which is disposed on the outside of the oxygen 
electrode 13b, an outer seal 16 having an annular shape 
of 2 mm width, which seals the outer peripheral portion 

10 of the fuel electrode 13a and is fabricated from a 

synthetic rubber such as EPDM, and an inner seal 22 of 
5 mm width, which seals the inner peripheral portions 
of the oxygen electrode 13b and oxygen flow field plate 
18. In the following embodiments, fuel is mainly 

15 hydrogen, and oxygen is the oxygen contained in the air 
and is supplied in the form of air. Furthermore, ' the 
solid polymer electrolyte membrane 12 is coated with a 
catalyst for chemical reaction. 

The unit cell 10 has an opening at its center 

20 portion so that an exact number of unit cells suited to 
an output to be required are stacked together for 
integration, and through this opening passes a tie bolt 
. 26 having a size of 6' mm diameter and 100 mm length, on 
the outside of which a fuel distribution manifold 32 of 

25 hydrophilic synthetic fiber threads made of aromatic 
polyamide {Product Name: KEVLAR) which is disposed in 
the axial direction and the stacked unit cells are 
installed in such a way as to surround the fuel 
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distribution manifold 32. Between a separator plate 34 
of the outermost unit cell 10 and an end plate 24 is 
sandwiched an end gasket 28 made of synthetic rubber 
such as EPDM, and stainless steel nuts 40, 50 are 
5 screwed onto threads cut on both ends of the tie bolt 
26 opposite to each of the end plates 24, 24 of epoxy 
resin having a size of 10 mm thickness, 15 mm inside 
diameter and 55 mm outside diameter, whereby a 
plurality of unit cells 10 can be integrally fixed to 
10 each other. 

In a nut 40 for integrating such unit cells 
10 as a single construction is formed a hollow hole 42 
in the center portion thereof, as shown in PIGs. 3A and 
3B, which are a sectional view and side view of the 
15 nut, respectively, and on the opposite side an inner 
thread 46 is cut up to the center portion in the axial 
direction, thereby allowing the tie bolt 26 to be 
screwed in. At the same time, on the outside of the 
inner thread 46, fuel flow fields 44 are provided at 
20 least in two places and these fuel flow fields 

conununicate with the hollow hole 42, thereby forming a 
fuel supply port that permits fuel supply to the fuel 
distribution manifold 32. A circular groove 48 into 
which an 0-ring 36 is to be fitted is formed on the 
25 surface of the nut 40 in contact with the end plate 24.- 
Furthermore, as shown in FIG. 2, the other 
nut 50 has also an inner thread 56 cut up to 
substantially the center portion in the axial 
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direction, as with the nut 40, so that the end of the 
tie bolt 26 can be screwed in, and on the outside in 
the radial direction of the nut 50 are formed pores 54 
which provide communication with the fuel distribution 
5 manifold 32. On the opposite side of the inner thread 
56 in the axial direction is installed a bleeder valve 
52 made of stainless steel, and this bleeder valve 52 
allows fuel to be charged by one-touch operation so 
that the bleeder valve 52 can assist in filling by 

10 performing fuel supply to and discharge from the fuel 
distribution manifold 32 and fuel electrode 13a via the 
communicating pores 54. A circular groove 58 into 
which an 0-ring is to be fitted is formed on the 
surface of the nut 50 in contact with the end plate 24. 

15 As shown in Fig. 4, for fuel supply and for 

the absorption and holding of generated water, the fuel 
distribution manifold 32 is formed by extending and 
engaging hydrophilic synthetic fiber threads 324 to 
flanges 322 provided at both ends of a cylindrical 

20 housing to thereby stretch the threads over the surface 
of the cylinder and arrange them in the axial direction 
thereof . 

A portable fuel cell stack of the foregoing 
construction can be assembled as follows. 
25 First, with the nut 40 attached beforehand to 

one end. of the tie bolt 26, preferably in a vertically- 
erected condition, the fuel distribution manifold 32 is 
attached to the nut 40 so as to cover it. The tie bolt 
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26 thus covered with the fuel distribution manifold 32 
provides the center shaft of the fuel cell stack. 

With respect to this center shaft, the 
outermost end plate 24 and end gasket 28 are 
5 sequentially inserted into the center hole to thereby 
make preparations, and then in such a way as to form 
the unit cell 10, the separator plate 34, a fuel 
electrode 13a, an outer seal 16 positioned on the 
outside thereof in the radial direction, solid polymer 
) electrolyte membrane 12, inner seal 22, oxygen 
electrode 13b and oxygen flow field plate 18 both 
positioned on the outside thereof in the radial 
direction, and separator plate 34 are sequentially 
stacked by inserting the center shaft into the center 
hole of these components to thereby form an, assemblage. 

After that, for the next unit cell 10, with 
respect to the last separator 34 of the preceding unit 
cell 10, as with the preceding unit cell 10, the fuel 
electrode 13a, outer seal 16 positioned on the outside 
thereof in the radial direction^ solid polymer 
electrolyte membrane 12, inner seal 22,* oxygen 
electrode 13b and oxygen flow field plate 18 both 
positioned on the outside thereof in the radial 
direction, and separator plate 34 are inserted into the 
center shaft to be assembled. An exact number of unit • 
cells 10 suited to a prescribed output of a portable 
fuel cell stack are stacked and assembled by repeating 
the above steps. 
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Lastly, with respect to the separator plate 
34 of the outermost unit cell 10, the end plate 24 is 
placed with the end gasket 28 sandwiched therebetween 
by inserting the center shaft into the center hole of 
5 the end plate 24. The stack of unit cells 10 is 

pressed with a prescribed pressure, for example, about 
15 MPa. In this state, the other nut 50 provided with - 
^ the bleeder valve 52 is screwed onto the thread at the 
end of the tie bolt 26 of center shaft, and the- whole 

10 stack is tightened with a prescribed torque, for 
example, 6 . 8 Nm and fixed. 

In the fuel cell stack thus assembled, which 
is to serve as a portable fuel cell stack, a tube, etc. 
are further connected to the nut 40 so that fuel from a 

15 hydrogen generator, etc. can be supplied. Through the 
hollow hole 42, which serves as the fuel supply port of 
the nut 40, and the fuel flow field 44, fuel such as 
hydrogen is supplied to the fuel distribution manifold 
32 and is further fed to the inner end portion of the 

20 fuel electrode 13a of each unit cell 10 by means of the 
fuel distribution manifold 32 along the tie rod 26. 
The fuel electrode 13a, which is formed from a sheet- 
like carbon material, can feed fuel in the radial 
direction through the voids of its porous material 

25 without the special need as provides a fuel flow field 
plate. Furthermore, because its outer peripheral 
portion is sealed by the outer seal, the fuel electrode 
13a can feed fuel in such a manner as to supply it. to 
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the solid polymer electrolyte membrane 12. Because on 
the opposite side of this solid polymer 12 are provided 
the oxygen electrode 13b and oxygen flow field plate 
18, air is fed from the outside through the voids of a 
5 porous material of the oxygen flow field plate 18 and 
the oxygen in the air is supplied to the oxygen 
electrode 13b. 

Thus, the fuel and oxygen fed to both sides 
of the solid polymer electrolyte membrane 12 undergo a 

10 chemical reaction therein, with the result that the 

fuel electrode and oxygen electrode become an anode and 
a cathode, respectively, so as to perform a power 
generation action. On that occasion, a hydration 
action leads to the formation of water and heat 

15 generation. The generated water is absorbed by the 
. hydrophilic synthetic fiber threads 324 in the fuel 
distribution manifold 32, so that the possibility is 
eliminated that the water formed in the fuel 
distribution manifold 32 might collect and impede fuel 

20 supply to the fuel electrode 13a. Furthermore, the 
water evaporates due to the generated heat and is 
dissipated to the air. In addition, because the 
separator plate 34 has a larger radius than that of 
other components, it can enable the portion projecting 

25 from other components to function as a radiating fins 
so that the generated heat can be radiated. 

Furthermore, because fuel supply to the fuel 
electrode 13a is directly performed without 
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installation of a fuel flow field plate, the number of 
parts in contact is small. Therefore, internal 
resistance decreases by an cunount corresponding to 
reduced portions in direct contact and, therefore, the 
performance of the fuel cell stack can be kept stable. 
At the same time, by reducing the number of parts, the 
. cost of manufacture can be lowered. This is because 
the molecules of hydrogen gas, which is the fuel, are 
the smallest molecules in comparison with other gases, 
hydrogen molecules can rapidly reach the polymer 
electrolyte membrane 12 even without using a fuel flow 
field owing to the formation of the fuel electrode 13a 
from a porous material. 

Incidentally, the sizes of the components in 
the above embodiments are not limited to those given in 
the foregoing descriptions and it is needless to say 
that they are mere examples. These sizes should be 
determined according to uses and required output. 

The portable fuel cell stack of the invention 
yields the following effects owing to the essential 
features of the invention described above. 

In the above portable fuel cell stack, on the 
fuel electrode side of the polymer electrolyte 
membrane, the unit cell has only the fuel electrode 
between the polymer electrolyte membrane and the 
separator plate and, therefore, fuel is supplied by the 
fuel electrode directly in the radial direction along 
the polymer electrolyte membrane. Therefore, only a 
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portion in contact with the fuel electrode exists and 
other contact portions do not exist. Therefore, the 
internal resistance of contact portions is reduced and 
the energy generation by the cell stack can be 
5 efficiently performed, thus yielding an excellent 
effect. 

Furthermore, the number of parts of the unit 
cell decreases and a simple construction is possible. 
This yields the effect that the polymer electrolyte 

10 fuel cell stack can be made as an inexpensive product 
as a whole. 

Moreover, for fuel supply to the fuel cell 
unit from the outside, fuel supply ports are provided 
in the fixing nuts for clamping stacked unit cells 

15 together. Therefore, it is possible to supply fuel 

directly to the fuel distribution manifold without the 
need to separately install part of the end plate or a 
member for fuel supply, the flow field resistance in 
fuel supply is reduced, and the number of components 

20 can be reduced, yielding the effect that the portable 
fuel cell stack can be made small in size and weight. 

In addition, the use of hydrophilic synthetic 
fiber threads in the fuel distribution manifold yields 
the effect that the fuel distribution manifold can be 

25 easily formed from an obtainable material without using 
a special device. 

Furthermore, because the bleeder valve is 
attached to the nut on the side opposite to the side of 
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the fixing nut where the fuel supply ports are 
provided, the fuel electrode can be filled with fuel by 
one-touch operation at the start of the fuel cell 
stack. This yields the effect that the power 
generation action during startup can be early and 
smoothly started up. 
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WHAT IS CLAIMED IS: 

^' A portable fuel cell stack comprising two end 

plates*, a plurality of unit cells positioned between 
said two end plates, a fuel distribution manifold 
positioned in the center of said unit cell for fuel 
supply thereto, a tie bolt passed- through the centers 
of said fuel manifold and said unit cell for 
integration of these members, and fixing nuts threaded 
to both ends of said tie bolt for integrally clamping 
said plurality of unit cells together between the end 
plates via an 0-ring, etc., wherein said unit cell 
includes a polymer electrolyte membrane, an oxygen 
electrode and a fuel electrode installed on both sides 
of said polymer electrolyte membrane, a flow field 
plate on the outside of said oxygen electrode so as to 
be adjacent thereto, and a separator plate on the 
outside of said flow field plate so as to be adjacent 
thereto and another separator plate on the outside of- 
said fuel electrode so as to be adjacent thereto. 
2. A portable, fuel cell stack according to claim 

1, wherein one of said fixing nuts has a fuel supply 
port connecting to said fuel distribution manifold for 
fuel supply from the center of said end plate. 
^- ^ portable fuel cell stack according to claim 

1, wherein said fuel distribution manifold is formed by 
arranging hydrophilic synthetic fiber threads on said 
tie bolt in the axial direction thereof. 
^- A portable fuel cell stack according to claim 
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1, wherein the other of said fixing nuts is provided 
with a bleeder valve capable of charging the fuel into 
said fuel electrode, etc. by one- touch operation at the 
end of said bolt . 

5. A portable fuel cell stack substantially as hereinbefore 

described with reference to and as shown in Figures 1 to a of the 
accompanying drawings . 
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